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other	 sympatric,	 genetically	 divergent,	 and	 socially	 isolated	 killer	whale	 ecotypes.	

















Pacific	 prey‐specialized	 killer	 whales.	 If	 any	 process	 of	 ecological	 divergence	 and	
niche	specialization	is	taking	place	among	killer	whales	in	Iceland,	it	is	likely	at	a	very	
early	stage	and	has	not	led	to	the	patterns	observed	in	the	Northeast	Pacific.
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patterns	 of	mating	 and	dispersal	within	 populations	 creating	 fine‐
scale	genetic	structure	(e.g.,	Archie	et	al.,	2008;	Garant,	Dodson,	&	
Bernatchez,	2000;	Storz,	1999).	Ultimately,	these	may	lead	to	spe‐
ciation	 (Foote	 et	 al.,	 2016;	 Smith	 &	 Skúlason,	 1996;	 Storz,	 1999).	





uted	 throughout	 all	 oceans	 (Forney	&	Wade,	 2006).	Much	 knowl‐
edge	 about	 killer	 whales	 comes	 from	 long‐term	 studies	 on	 two	
sympatric	and	socially	segregated	ecotypes	in	the	Northeast	Pacific	
(e.g.,	Ford	et	 al.,	1998;	Ford,	Ellis,	&	Balcomb,	2000):	 (a)	 the	 “resi‐
dent”	 fish‐eating	 (hereafter	 termed	 residents)	 killer	whales,	which	
feed	primarily	on	salmon;	and	(b)	the	mammal‐eating	(also	referred	
to	 as	 “transients”	 or	 Bigg’s	 killer	 whales),	 which	 feed	 on	 marine	









Contrarily	 to	 the	Northeast	 Pacific,	 although	 dietary	 variation	
and	 some	 degree	 of	 ecological	 divergence	 have	 been	 reported	
among	North	Atlantic	killer	whales	(Foote	et	al.,	2013,	2011;	Foote,	
Newton,	 Piertney,	 Willerslev,	 &	 Gilbert,	 2009;	 Foote,	 Vester,	
Víkingsson,	&	Newton,	2012),	the	link	between	genetic	divergence	
and	 resource	 specialization	 is	 less	 clear.	 In	 Iceland,	 not	 all	 killer	
whales	 appear	 to	 specialize	 on	 herring	 and	 follow	 it	 year‐round.	
Photo‐identification	of	killer	whales	in	Icelandic	herring	overwinter‐









had	 lower	 nitrogen	 stable	 isotope	 ratios	 (15N/14N,	 represented	 as	





isolation	 between	 individuals	 with	 different	 observed	 movement	
patterns	and	isotopic	signatures,	that	is,	putative	herring‐specialists	
remaining	 year‐round	 in	 Iceland	have	 been	photographed	 in	 close	
proximity	with	Icelandic‐Scottish	killer	whales	(Tavares,	Samarra,	&	
Miller,	2017).	It	is	unknown	whether	the	apparent	absence	of	social	






data	 of	 photographic	mark‐recapture	 and	 individual	 isotopic	 niche.	





patterns	 among	 Icelandic	 killer	whales,	 discuss	 potential	 ecological	
and	behavioral	processes	driving	them	and	how	they	correspond	to	
the	patterns	of	the	best‐studied	Northeast	Pacific	ecotypes.
2  | MATERIAL S AND METHODS
2.1 | Sample and data collection
Biopsy	samples	of	wild	Icelandic	killer	whales	(N	=	60)	were	collected	
from	a	 research	vessel	 in	both	herring	overwintering‐	 (winter)	and	
spawning‐	(summer)	grounds	where	killer	whales	can	be	seasonally	





blubber	 samples	 were	 collected	 from	 photo‐identified	 individuals	
using	a	Remington	rolling	block	system	rifle	(“Larsen”	long‐range	bi‐
opsy	 system)	with	35	or	40	mm	sterilized	biopsy	 tips	 in	2013	and	
an	ARTS	pneumatic	darting	system	(Kvadsheim,	Lam,	Miller,	Alves,	
&	Others,	2009)	with	stainless	steel	25	mm	sterilized	biopsy	tips	in	
subsequent	years.	 In	general,	 biopsy	 samples	were	 collected	 from	
the	mid‐lateral	 region	of	the	body,	below	the	dorsal	 fin.	Skin	sam‐




on	 a	 photo‐identified	 killer	 whale	 stranded	 near	 Grundarfjörður.	
All	 field	 research	 and	 sample	 collection,	 designed	 for	 minimum	
distress	 to	 the	 animals,	 were	 approved	 by	 the	 School	 of	 Biology	
Ethics	Committee	of	the	University	of	St	Andrews	and	carried	out	
in	compliance	with	local	regulations	and	under	permits	provided	by	
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the	Ministry	 of	 Fisheries	 (institutional	 permit	 for	 the	Marine	 and	
Freshwater	Research	Institute,	Reykjavík).
2.2 | DNA extraction and genetic sex identification
Total	 genomic	 DNA	 (N	=	61)	 was	 extracted	 from	 skin	 samples	
using	 standard	 proteinase	 K	 digestion	 and	 phenol/chloroform	
methods	(Sambrook,	Fritsch,	&	Maniatis,	1989)	modified	for	small	
samples	by	Baker	et	al.	(1994).	DNA	was	quantified	on	a	NanoDrop	
ND‐1000	 Spectrophotometer	 and	 standardized	 to	 10–20	ng/µl.	
The	sex	of	 individual	whales	was	genetically	 identified	using	the	
protocol	of	Jayasankar,	Anoop,	and	Rajagopalan	(2008)	which	am‐
plifies	a	210–224	base	pair	 (bp)	 fragment	of	 the	Y‐chromosome‐




2.3 | mtDNA control region haplotype identification
Two	 sections	 of	 the	 5′	 end	 of	 the	mtDNA	 control	 region	were	
amplified	 as	 in	 Foote	 et	 al.	 (2009):	 a	 longer	 fragment	 (about	
480	bp	in	length)	using	primers	H16498	(5′‐CCT	GAA	GTA	AGA	
ACC	AGA	TG‐3′)	and	L15812	 (5′‐CCT	CCC	TAA	GAC	TCA	AGG	
AAG‐3′)	 (Zerbini	 et	 al.,	 2007),	 and	 an	 additional	 non‐overlap‐
ping	 smaller	 fragment	 (about	 131	bp	 size)	 using	 primers	 DH6	
(5′‐AAA	TAC	AYA	CAG	GYC	CAG	CTA‐3′)	and	DL5	(5′‐CCY	CTT	
AAA	TAA	GAC	ATC	TCG‐	ATG	G‐3′)	(Morin	et	al.,	2006).	For	the	
longer	 fragment,	 each	20	μl	 of	 PCR	 contained	1	μl	 of	 10–20	ng	
of	 extracted	 DNA,	 1×	 PCR	 buffer,	 1.5	mM	 MgCl2	 (magnesium	
chloride),	0.2	μM	of	each	primer,	0.2	mM	of	mixed	dNTPs	(i.e.,	de‐
oxyribonucleotide	 triphosphates,	 referring	 to	 the	 four	different	
dNTPs:	dATP,	dCTP,	dGTP,	 and	dTTP),	 and	0.1	μl	 of	AmpliTaq®	
DNA	 Polymerase	 (Applied	 Biosystems,	 Foster	 City,	 CA,	 USA).	
For	 the	 smaller	 fragment,	 the	 quantities	were	 the	 same	 except	








sion	 at	 72°C	 for	 5	min.	 Successful	 amplification	was	 confirmed	
using	agarose	gel,	EtBr	 staining,	 and	UV	visualization.	Negative	




Life	 Sciences)	 or	 ExoSAP‐IT™	 PCR	 Product	 Cleanup	 Reagent	
(Thermo	Fisher	Scientific	Inc.).
PCR	 products	 were	 sequenced	 in	 both	 directions	 on	 an	 ABI	
3730	DNA	sequencer	(Applied	Biosystems)	at	Edinburgh	Genomics	
(University	of	Edinburgh).	Seven	randomly	selected	samples	(>10%	
of	 the	 dataset)	 were	 re‐sequenced	 to	 ensure	 consistency.	 All	 se‐
quences	were	visually	inspected	using	the	software	FinchTV	v1.4.0	
(Geospiza,	 Inc.,	Seattle,	WA)	by	two	of	the	authors	 independently:	
forward	and	 reverse	 readings	of	 the	 same	sample	were	compared	
and	any	 inconsistency	was	 corrected	according	 to	 the	 result	 from	
the	clearest	sequence.	For	each	sample,	the	sequences	of	the	small	

















for	 genetic	 differentiation	 of	 North	 Atlantic	 killer	 whales	 and	
seven	by	Parsons	et	al.	 (2013)	for	genetic	differentiation	among	
northern	 North	 Pacific	 killer	 whales.	 The	 microsatellites	 were	
arranged	 in	 five	 groups	 for	multiplex	PCR,	 according	 to	 the	 ex‐
pected	 size	 range	 of	 each	 marker,	 the	 dye	 color	 used,	 and	 the	
annealing	 temperature	 in	 optimum	 PCR	 conditions	 (Appendix	
S1).	We	 used	QIAGEN® Multiplex	 PCR	 kits	 to	 amplify	 the	 loci	
with	the	fluorescent	M13	tail	single‐reaction	nested	PCR	method	
(Schuelke,	2000)	with	four	different	color‐specific	tails	(Tysklind,	
2009).	 Multiplex	 PCR	 reactions	 of	 10	μl	 contained	 5	μl	 of	 2×	





(FAM,	NED,	VIC	 and	PET),	 2	μl	 of	RNase‐free	water,	 and	1–2	μl 
of	10–20	ng	of	extracted	DNA.	DNA	was	amplified	on	a	G‐Storm	





sion	at	72°C	 for	60	s,	 followed	by	a	 final	 extension	at	60°C	 for	















Wills,	 &	 Shipley,	 2004).	 Deviations	 from	 Hardy–Weinberg	 equi‐
librium	 (HWE)	 and	 linkage	 equilibrium	 were	 tested	 using	 1,000	










clustering	 analysis	 for	 detection	 of	 genetically	 differentiated	 clus‐
ters	 (K)	 performed	 in	 STRUCTURE	 v2.3.4	 (Pritchard,	 Stephens,	 &	











nents	method	 (DAPC)	 (Jombart,	Devillard,	&	Balloux,	2010)	 in	 the	
package	adegenet	(Jombart,	2008)	in	R	3.4.3	(R	Core	Team,	2015).	
DAPC	 is	 a	 multivariate	 clustering	 method	 where	 individuals	 are	
clustered	 by	 genetic	 similarity	 not	 assuming	 any	 population	 ge‐
netic	model,	 and	 efficiently	 detects	 genetic	 hierarchical	 structure	
(Jombart	et	al.,	2010).	We	performed	the	DAPC	analysis	following	









a	 genetic	 unit	 according	 to	 its	 maximum	membership	 probability.	









To	 characterize	 the	 level	 of	 differentiation	 of	 putative	 genetic	
units,	we	calculated	pairwise	and	overall	FST	values	for	microsatel‐
lite	 loci	 in	FSTAT	v2.9.3.2	 (Goudet,	2001)	using	 the	computational	
methods	of	Weir	 and	Cockerham	 (1984).	 The	 level	 of	 significance	
for	pairwise	FST	values	was	assessed	using	3,000	permutations	and	
analyses	 were	 also	 performed	 with	 the	 dataset	 excluding	 closely	
related	 individuals.	A	randomization	procedure	 in	R	 (R	Core	Team,	
2015)	was	used	to	test	the	null	hypothesis	that	pairwise	FST values 
obtained	are	no	different	than	expected	by	comparing	sets	of	ran‐
domly	 selected	 individuals.	 First,	 we	 created	 a	 distribution	 of	 FST 










Microsatellite	 loci	diversity	 indices	were	calculated	 for	each	pu‐
tative	 genetic	 unit	 (and	 also	 per	 locus):	 the	 mean	 sample	 size	 per	
locus	(n),	the	mean	number	of	alleles	per	 locus	(k)	and	the	observed	
and	expected	heterozygosities	 (Ho and He,	 respectively)	 in	CERVUS	









2.6 | Genetic units and movement patterns, isotopic 















For	 the	 majority	 of	 the	 sampled	 individuals	 (N	=	56),	 stable	
isotope	 ratios	 analyzed	 from	 skin	 samples	 (specifically	 of	 nitro‐
gen denoted as δ15N	and	carbon	denoted	as	δ13C)	were	available	
from	 Samarra,	 Vighi,	 et	 al.	 (2017).	 Differences	 in	 the	 isotopic	
niche	width	between	putative	genetic	units	were	assessed	using	
the	area	of	standard	ellipses	corrected	for	sample	size	(SEAC)	and	
statistically	 tested	 by	 comparing	 the	 probability	 distributions	 of	
Bayesian	 estimates	 of	 SEAC	 (2,000,000	 iterations	 and	 10,000	
burn‐in	 iterations)	 with	 the	 SIAR	 (Parnell	 &	 Jackson,	 2013)	 and	
SIBER	packages	(Jackson,	Inger,	Parnell,	&	Bearhop,	2011)	in	R	(R	
Core	Team,	2015).
Association	 data	were	 available	 from	 Tavares	 et	 al.	 (2017)	 for	




tify	 associations	 between	 pairs	 of	 individuals.	 The	 existence	 and	







2.7 | Sex‐biased dispersal, recent migration 
rates, and changes in effective size
Sex‐bias	in	dispersal	among	putative	genetic	units	was	tested	using	
the	 biased	 dispersal	 option	 in	 FSTAT	 (Goudet,	 2001).	 Differences	
in	sex‐specific	FST	and	variance	of	assignment	 index	(vAI)	between	
males	 and	 females	 from	 different	 genetic	 units,	 were	 tested	 by	
generating	null	distributions	with	10,000	permutations.	Since	only	
adults	or	sub‐adults	were	sampled,	 the	whole	dataset	was	used	 in	
this	 test.	 The	mean	 number	 of	 successfully	 reproducing	migrants	
per	generation	among	movement	patterns	(Nm)	was	estimated	using	
GENEPOP	 (Rousset,	 2008).	 Recent	 migration	 rates	 (i.e.,	 past	 1–3	
generations)	 among	 putative	 genetic	 units	 were	 estimated	 using	
the	Bayesian	method	 implemented	 in	BAYESASS	v3.0.4	 (Wilson	&	



















3.1 | Sample collection and DNA extraction
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were	seen	only	seasonally	(11	were	only	seen	in	the	winter,	six	were	
seen	only	 in	 the	winter	and	traveled	to	Scotland	 in	 the	spring	and	
summer,	and	13	were	only	seen	in	the	summer).
3.2 | mtDNA control region haplotype identification
Sequences	of	the	control	region	(~611	bp)	were	generated	for	all	in‐
dividuals	and	two	different	haplotypes	were	identified,	haplotypes	
33	 (published	by	Hoelzel	et	 al.,	2002)	and	34	 (published	by	Foote	
et	al.,	2009).	The	two	haplotypes	varied	in	only	one	site	which	was	
positioned	 in	 the	 longer	 fragment	amplified	 in	 the	mtDNA	control	
region,	with	no	variation	seen	in	the	smaller	fragment.	Genetic	dif‐
ferentiation	 based	 on	mtDNA	was	 not	 calculated	 due	 to	 this	 low	
variation	among	samples.
3.3 | Microsatellite analysis

















in all genetic units and results with and without these two loci were 
consistent	(same	number	of	genetic	units	and	only	two	individual	as‐
signments	changed),	the	loci	were	included	in	the	analysis	and	only	
these	 results	are	 reported.	One	pair	of	 loci	had	significant	 linkage	












males),	 which	 were	 further	 separated	 by	 the	 second	 component	
(Figure	2).	The	removal	of	one	individual	per	pair	of	closely	related	
individuals	 (two	 and	 four	 individuals	 were	 removed	 from	 genetic	
units	1	and	2,	respectively)	did	not	change	the	inferred	genetic	units	
and	individual	memberships.	Though	the	results	with	STRUCTURE	
indicate	 weak	 or	 no	 genetic	 structure,	 the	 DAPC	 approach	 was	
deemed	appropriate	 to	 illustrate	genetic	 structure	patterns	 in	 this	
dataset	 (see	Discussion	section).	Thus,	 the	genetic	units	 identified	
by	DAPC	were	used	in	the	subsequent	analyses.
Overall,	microsatellite	FST	value	 (FST	=	0.078,	95%	CI:	0.039–
0.130)	 and	 all	 pairwise	 FST	 values	 were	 low	 but	 significant	 (ge‐
netic units 1 vs. 2 FST	=	0.06;	 genetic	 units	 1	 vs.	 3	 and	 2	 vs.	 3	
FST	=	0.09,	 p‐value	<	0.001	 for	 all	 pairwise	 FST	 values).	 Results	








ity	 (Ho)	 in	relation	to	expected	values,	and	 low	number	of	alleles	
per	locus	(k)	and	allelic	richness	(AR)	(Table	1,	see	Appendix	S2	for	
values	per	loci).	No	comparisons	of	mean	AR	and	Ho	values	among	
genetic	 units	were	 significant,	 except	 for	 the	 significantly	 lower	
mean	Ho	 in	 genetic	unit	2	 than	 in	 genetic	unit	3	 (Wilcoxon	 test,	
p‐value	<	0.01;	Table	1).	Low	numbers	of	private	alleles	were	iden‐
tified	 in	genetic	units	2	 and	3	 (Table	1).	The	mtDNA	haplotypes	
were	not	completely	discriminated	but	the	majority	of	individuals	
in	genetic	units	1	and	2	had	haplotype	33	while	almost	all	individ‐
uals	 from	 genetic	 3	 had	 haplotype	 34	 (Table	 1).	 This	 suggests	 a	
relationship	between	genetic	unit	and	mtDNA	haplotype	(Fisher’s	
Exact	Test,	p‐value	<	0.0001).
3.5 | Genetic units and movement patterns, isotopic 








to	 travel	 to	 Scotland.	 The	difference	 in	 the	 ratio	 of	 individuals	 seen	






individuals	of	 genetic	unit	3,	 including	5/6	 individuals	matched	 to	
Scotland	in	the	summer	(Samarra,	Vighi,	et	al.,	2017).	Overall,	indi‐
viduals	from	genetic	unit	3	had	higher	values	of	δ15N	(Figure	4)	and	a	
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significantly	larger	SEAC	than	individuals	from	the	two	other	genetic	
units	(Figure	5;	unit	3	vs.	unit	1:	0.98	vs.	0.16‰2,	p‐value	<	0.0001;	
unit	 3	 vs.	 unit	 2:	 0.98	 vs.	 0.29‰2,	p‐value	<	0.001).	 The	 SEAC	 of	
genetic	units	1	and	2	largely	overlapped	(Figure	4)	at	the	lower	val‐



















































33 34 n k AR PA Ho He FIS
1	(N	=	21) 15 6 20.53	(0.77) 3.37	(1.54) 3.22	(1.33) 0 0.57	(0.32) 0.46	(0.23) −0.25
2	(N	=	25) 24 1 24.32	(1.11) 3.37	(1.83) 3.12	(1.54) 5 0.53	(0.32) 0.44	(0.22) −0.21
3	(N	=	15) 1 14 15	(0) 3.42	(1.17) 3.42	(1.17) 4 0.67	(0.25) 0.54	(0.18) −0.24
Note. n:	mean	sample	size	per	locus;	k:	mean	number	of	alleles	per	locus;	AR:	mean	allelic	richness;	PA:	total	number	of	private	alleles;	Ho:	mean	ob‐
served	heterozygosity;	He:	mean	expected	heterozygosity;	FIS:	inbreeding	coefficient.




3.6 | Sex‐biased dispersal, recent migration 









(Nm)	 of	 4.75	migrants	 per	 generation,	 indicating	 gene	 flow	 among	
the	genetic	units.	Recent	migration	 rates	estimated	by	BAYESASS	
were	highly	consistent	among	runs.	High	rates	of	recent	gene	flow	
were	detected	between	genetic	units	1	 and	2	 (30%	of	 individuals	
per	 generation	 in	 genetic	 unit	 1	were	estimated	 to	originate	 from	
genetic	unit	2%,	and	31%	vice	versa).	In	contrast,	very	low	rates	were	





respond	 to	 contemporary	gene	 flow,	 as	all	 individuals	within	each	
genetic	unit	had	a	high	likelihood	(≧88%)	of	being	at	least	a	2nd gen‐
eration	migrant.
BOTTLENECK	 showed	 marginal	 detection	 of	 recent	 changes	
in	effective	size	for	genetic	units	2	and	3.	Under	the	infinite	alleles	
model	there	was	a	significant	heterozygosity	excess	(genetic	unit	2:	
p‐value	=	0.005;	 genetic	 unit	 3:	p‐value	=	0.001),	 but	 this	was	 not	
verified	under	the	two‐phase	model	(genetic	unit	2:	p‐value	=	0.32;	
genetic unit 3: p‐value	=	0.04	 ‐	 not	 significant	 after	 Bonferroni	
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correction	 for	 multiple	 tests).	 Furthermore,	 the	 allele	 frequency	
distribution	 had	 a	 normal	 L‐shape	 for	 both	 genetic	 units,	which	 is	
not	expected	if	a	recent	bottleneck	has	occurred	(Luikart,	Allendorf,	
Cornuet,	&	Sherwin,	1998).	Genetic	unit	1	showed	no	significant	in‐
dications	 of	 recent	 change	 in	 effective	 size	 (infinite	 alleles	model:	







uses	 a	 model	 based‐method	 that	 assumes	 Hardy–Weinberg	 equi‐
librium,	which	 includes	 the	 strict	 assumption	 that	 populations	 are	



















Overall,	 genetic	 units	 differed	 in	 isotopic	 signatures,	 mtDNA	
haplotype	frequencies	and	observed	movement	patterns	of	the	ma‐
jority	of	 its	members.	Although	 individuals	associated	more	within	










2. Genetic unit 3 included individuals with overall higher δ15N	values	
suggesting	a	broad	diet	(as	discussed	by	Samarra,	Vighi,	et	al.,	2017),	
while	 individuals	 from	genetic	units	1	and	2	had	a	 significantly	nar‐
rower	isotopic	niche	width	and	overall	lower	δ15N	values,	consistent	
with	 a	 diet	 predominantly	 composed	 of	 herring	 (as	 discussed	 by	
Samarra,	Vighi,	et	al.,	2017).	Genetic	units	1	and	2	had	a	significant	









2016),	 individual	 isotopic	 signatures	might	 not	 represent	 the	 entire	


















been	present	 in	both	 seasons	but	were	missed,	 they	might	 follow	
the	Icelandic	herring	stock	year‐round	to	a	different	herring	ground,	
since	 there	 are	 more	 overwintering‐	 and	 spawning‐grounds	 than	
those	 sampled	 in	 this	 study	 (ICES,	2015;	 Jakobsson	&	Stefánsson,	
1999),	 or	 might	 not	 follow	 the	 stock,	 seasonally	 moving	 to	 other	
locations.
Genetic	 diversity	 indices,	 specifically	 observed	 heterozygosity	
(Ho)	 and	 allelic	 richness	 (AR),	 were	 overall	 similar	 among	 genetic	
units: high Ho	 relative	 to	expected	values	 and	 low	allelic	 richness.	
When	populations	experience	a	recent	reduction	of	effective	size,	
allelic	 diversity	 is	 reduced	 faster	 than	 heterozygosity	 (Piry	 et	 al.,	
1999).	However,	our	 analysis	 found	no	convincing	evidence	of	 re‐
cent	 reduction	 in	effective	size	of	 the	genetic	units.	Other	causes	




nizational	 level	 below	 that	 of	 the	 population	 and	 the	 composition	
of	samples	drawn	from	the	real	population	(Beebee	&	Rowe,	2008;	
Kalinowski	et	al.,	2007;	Milkman,	1975;	Parreira	&	Chikhi,	2015).	We	
did	 not	 detect	 inbreeding,	 and	 the	 negative	 FIS	 values	 supported	
genetic	unit	exogamy	(i.e.,	outbreeding)	while	a	high	number	of	mi‐
grants	(Nm)	indicated	high	gene	flow.
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4.2 | Low genetic divergence





mal‐eating	 and	 resident	 populations	 (e.g.,	 Barrett‐Lennard,	 2000;	
Hoelzel	et	al.,	2007,	2002	;	Parsons	et	al.,	2013).	The	FST values in 
our	study	are	of	similar	magnitude	to	those	in	several	mammal	popu‐




There	 was	 also	 extremely	 low	mtDNA	 haplotype	 variation	 in	 our	

















greater	 genetic	 differentiation.	 Little	 or	 non‐existent	 current	 gene	
flow	would	suggest	that	the	current	population	has	evolved	rapidly	







4.3 | Adaptive divergence and stability of 
genetic structure






al.,	 1998).	 From	 our	 results,	 it	 is	 possible	 to	 speculate	 that	 the	
first‐level	 of	 genetic	 division,	 separating	 genetic	 unit	 3	 from	








(Carroll	 et	 al.,	 2015;	 Valenzuela	 et	 al.,	 2009).	 However,	 in	 this	
speculative	scenario,	genetic	divergence	has	not	led	to	ecotypes	
as	seen	in	the	Northeast	Pacific.	First,	the	Icelandic	genetic	units	
seem	 substantially	 less	 genetically	 differentiated,	 as	 indicated	
by	 microsatellite	 DNA	 differentiation,	 and	 less	 ecologically	 dis‐
crete,	as	 indicated	by	isotopic	values	and	apparent	prey	overlap.	
Second,	while	Northeast	Pacific	killer	whale	ecotypes	do	not	have	
mtDNA	 haplotypes	 in	 common	 (Barrett‐Lennard,	 2000;	Hoelzel	
et	al.,	2007,	2002),	the	Icelandic	genetic	units	shared	mtDNA	hap‐
lotypes.	 Third,	 while	 between	 the	 mammal‐eating	 and	 resident	
ecotypes	 and	 between	 resident	 subpopulations	 there	 is	 strong	
social	 avoidance	 (e.g.,	Ford	et	al.,	1998;	Ford	et	al.,	2000),	 killer	
whales	in	Iceland	assigned	to	different	genetic	units	were	not	so‐
cially	 isolated	 and	 engaged	 in	 associations	 at	 least	 occasionally	
(Tavares	et	al.,	2017).	Our	results	suggest	that	 if	killer	whales	 in	
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Metapopulation	 dynamics	 can	 arise	 when	 patches	 of	 a	 frag‐
mented	habitat	are	momentarily	occupied	and	are	followed	by	local	




of	 several	 niche	 diversifications	 along	 genealogical	 lines	 of	 North	
Atlantic	killer	whales	across	thousands	of	years	(Foote	et	al.,	2013).	
Additionally,	metapopulation	dynamics	and	local	adaptation	are	not	
mutually	 exclusive	 and	 can	 simultaneously	 influence	 the	 structure	
of	a	population.	For	example,	 the	sampling	over	consecutive	years	
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